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SUMMARY

Tumour necrosis factor alpha (TNF-x) plays an important role in microbial defence and tissue
damage by activating neutrophils. Therefore the ability of natural molecules to regulate the activity
of TNF-c is likely to be of major importance in our understanding of the mechanisms of
inflammation. We have examined the effects of a highly purified urine-derived TNF inhibitor (TNF
inh) on the TNF-oc-induced respiratory burst in human neutrophils. TNF-a inh-treated TNF-a was

unable to stimulate a neutrophil lucigenin-dependent chemiluminescence response and superoxide
formation. Treatment of TNF with the inhibitor also significantly reduced the priming ability of
TNF-oc for a response to the peptide f-met-leu-phe. These results show that the ability of TNF-oa to
induce a key neutrophil response is amenable to regulation by the TNF-cx inh.

The cytokine tumour necrosis factor-alpha (TNF-a) has pleio-
tropic effects, playing a role in pathophysiological mechanisms
in a variety of diseases, such as septicaemia and in cachexia, and
in the regulation of the inflammatory response.'-7 Recently
molecules which regulate the activity of TNF-a have been
described. These were found in high concentrations in the urine
of febrile patients.8 One of these inhibitors has been shown to
inhibit TNF-a-mediated tumour cell cytotoxicity, TNF-a-
induced prostaglandin E2 production by dermal fibroblasts,
TNF-a-induced class I expression in the Colo 205 tumour cell
line and the synergism between TNF-c* and interferon-gamma
(IFN-y)-induced HLA-DR antigen expression.91' The TNF
inhibitor (inh) is a 31,000-33,000 molecular weight (MW)
protein with a PI of 5-5-6 1.9 The mechanism of its action is to
bind tightly to TNF and prevent TNF from binding to its
receptor.'0 This inhibitor is now considered to be a soluble form
of the TNF receptor.'2"13 TNF-a is a neutrophil activator and
primes neutrophils for increased microbial killing and tissue
damage.4"4"5 We therefore examined whether or not this TNF-x
inhibitor prevented neutrophil activation by TNF-oc.

Neutrophils were prepared from blood of healthy volunteers
by the rapid single-step method of Ferrante & Thong'6 using
Hypaque-Ficoll medium (monopoly resolving medium; Flow
Laboratories, Zurich, Switzerland). The neutrophils were of
> 96% purity and > 99% viability. Recombinant human TNF-
a was produced in Escherichai coli (Biogen S.A., Geneva,
Switzerland). Urine-derived TNF-a inh was purified to homoge-
neity by sequentially TNF-a affinity column, Mono-S cation-
exchange and reverse-phase chromatographies." The specific

* Present address and correspondence: Dept. of Immunology,
Adelaide Children's Hospital, South Australia 5006, Australia.

activity of the TNF-ac inhibitor was 1-38 x 106 units/mg in which
one unit of activity was defined as the minimal quantity of
inhibitor required to inhibit 50% of 0-2 ng/ml (specific activity
9 6 x 101 U/mg) of TNF-oa-induced cytotoxicity in the presence
of actinomycin D."

The respiratory burst activity was examined by the lucige-
nin-dependent chemiluminescence assay and the cytochrome C
reduction assay."'-'9 In the former, 40 pl of TNF-a (40 ng) were
treated with 40 ,ul of TNF-cx inh for 15 min and then examined
for ability to stimulate neutrophil chemiluminescence by adding
the TNF-a-TNF-a inh mixture to 100 yl of 1 x 107 neutrophils/
ml. The volume was brought to 500 ,ul with Hanks' balanced salt
solution (HBSS) and 500 ,ul of 200 ,ug/ml of lucigenin added. The
tubes were placed in a 370 water jacketed incubator in a
luminometer (LKB, Wallac, Finland) and the light emitted
measured in mV. The results are presented as the peak rate of
chemiluminescence production, unless specified otherwise. In
the cytochrome C reduction assay, 10 yl of TNF-ax (10 ng) were
mixed with 10 ,l of TNF-a inh and then 20 ,l of superoxide
dismutase (SOD) and 200 p1 of cytochrome C added. The
volume was brought to 1 ml with HBSS. A parallel set of tubes
were set up without SOD. The tubes were incubated for 30 min,
centrifuged and the OD515 read in a spectrophotometer. The
superoxide produced was determined from the difference in OD
of the respective samples with and without SOD. In some studies
the effects of the tripeptide, f-met-leu-phe (FMLP) were exam-
ined (1 X 10-6 M). The data presented were analysed by the two-
tailed t-test.

TNF-a induced a chemiluminescence response in neutro-
phils, approximately 24-fold above the basal level (P<001)
(Figs 1 and 2). Peak chemiluminescence was seen at approxima-
tely 10 min (Fig. 2). Treatment of TNF-a with the inhibitor
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action. It had no effect on the basal respiratory activity of
neutrophils and it did not affect the response to FMLP, but did
affect the TNF-ax priming for an FMLP response. Similar
specificity has already been observed previously in that the TNF
inh was ineffective in inhibiting the LAF activity ofinterleukin- 1
(IL-1)" and the INF-y-induced HLA-DR expression on the
human Colo 205 tumour cell line. "I Evidence is presented which
shows that both the TNF-a-induced chemiluminescence re-
sponse and superoxide production are inhibited by TNF inh.
This neutrophil activity is a measure of the production of
oxygen-derived reactive species such as superoxide, hydrogen
peroxide, hydroxyl radical and singlet oxygen which have been
implicated in both microbial killing and tissue damage.'4'20
TNF-a can either induce a respiratory burst in neutrophils or
prime the cells for an increased response to other stimuli. The
latter is not only relevant to FMLP but also to opsonized
bacteria,4 fungi,'9 amoebae,'8 tumour cell killing2 and tissue
damage.20 Thus the ability to regulate this function by natural
inhibitors may have important implications in the understand-
ing of the mechanisms of inflammation.

There exist two forms of TNF binding proteins consistent
with the presence of two receptors for TNF, a 55,000 MW and
75,000 MW protein.2'-23 The present data suggest that the
inhibitor prevents binding of TNF to both types of TNF-
binding proteins on neutrophils since it was capable of totally
blocking the response. While the TNF-ot inh may be found in
normal urine and serum,8'24 it is evident that appreciable levels
are associated with fever.8'25 Other sources include synovial
fluid26 and alveolar macrophages.27 However, to date little is
known of the type of stimuli and the conditions under which the
TNF-a receptor binding protein is released. Some recent
studies28 have shown that the TNF receptor is shed by activated
human neutrophils and is similar in MW (approximately
28,000) to the TNF inh studied in our present investigation.
Results from our study suggest that the TNF-TNF inh complex
is unable to stimulate neutrophils and in this manner neutro-
phils probably protect themselves from TNF-induced damage.
This would be in addition to the findings that TNF receptors on
neutrophils are down-regulated by TNF itself as well as various
agonists.6 These observations may also explain why in our
previous investigations we found that if TNF was added after
rather than prior to a stimulus such as FMLP or opsonized
fungi, the cytokine failed to stimulate the response.'9'20
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